Zinc
The ubiquitousness of zinc in food, water, and other sources makes it surprising that this trace element can be deficient in man. Human zinc deficiency was first observed and described among young individuals living in the rural areas of the Middle East. It was associated with growth failure, anaemia, and hypogonadism. Many children with protein-calorie malnutrition show biochemical evidence of zinc depletion and the provision of zinc supplements promotes weight gain and clinical recovery. In industrialized countries, hypozincaemia has been found in some formula-fed infants. In hospitalized patients with chronic systemic diseases, e.g., inflammatory bowel disorders, cancer, major bowel surgery, etc., especially those on total parenteral nutrition, low serum zinc is associated with characteristic skin rash and delayed wound healing. The inherited zinc malabsorption syndrome acrodermatitis enteropathica is characterized by severe mucocutaneous lesions, gastro-intestinal malfunction, and marked susceptibility to infections, particularly with fungi. It responds dramatically to oral zinc supplementation.
The link between zinc and immunity is best illustrated by observations on the A-46 mutant of Holstein-Friesian cattle. These animals are unable to absorb zinc normally and are stunted, lethargic, and prone to infections that often prove fatal. The thymus is small, associated with defective cellmediated immunity. The clinical and immunologic abnormalities are reversed by zinc therapy. Similar observations have been made in the human counterpart of the cattle disorder, acrodermatitis enteropathica. Infants with this condition show impaired cell-mediated immunity and neutrophil chemotaxis. Zinc supplements result in a complete cure. The similarities between clinical and pathological features of protein-energy malnutrition and zinc deficiency are striking. Malnourished children have a small thymus, 2 Trace elements and immunity which increases in size following zinc supplementation. Even local cutaneous application of zinc improves delayed hypersensitivity skin responses. Recent studies indicate that feeding of sufficient zinc is associated with clinical and immunologic improvement in some other disease states as well, although results of controlled trials are still not available.
Many recent studies have documented the crucial role of zinc in immunocompetence. This may largely be due to the essentiality of zinc in over 60 metallo-enzymes, particularly those necessary to the synthesis of DNA and RNA, namely, thymidine kinase, DNA polymerase, and DNA-dependent RNA polymerase. Zinc deficiency will severely limit rapid cell division and growth, processes essential for optimal immune responses. Zinc-deprived laboratory animals have a small hypoplastic thymus and profound deficits in T-cell number and function. The number of mononuclear cells in the thymus and spleen is decreased. Morphologically, the T-cell areas of the tissues are most severely affected. Antibody-forming cell response to both in vitro and in vivo challenge with thymus-dependent antigens, e.g., sheep red blood cells, is reduced, especially the secondary response, which requires the assistance of helper T lymphocytes. The ability of spleen cells to kill tumour cells in vitro deteriorates, mainly when initial sensitization is carried out in vivo. Mitogen responses are depressed. Clearly, zinc exerts profound effects on the maturation and function of immunocompetent cells. Further support for this explanation is provided by the marked reduction in levels of thymic hormone in zinc-deprived animals. Data on changes in lymphocyte subsets are not available. Zinc may also potentiate fever and temperature-dependent host defences.
Very little attention has been given to the effects of excess zinc on leucocyte function. Experimental data suggest that high concentrations of zinc impair phagocytosis and metabolic function of neutrophils. The T-lymphocyte function may also be reduced in individuals ingesting excessively large quantities (> 100 mg per day) of zinc in their diet.
Selenium
The importance of selenium in poultry and ruminant nutrition is accepted. This is evidenced by the occurrence in these species of pathologic disorders that respond to selenium supplementation. In man, the essentiality of selenium has been suggested on the basis of two case reports. In the first, a New Zealand patient receiving total parenteral nutrition developed severe muscular spasm that was relieved by the administration of selenomethionine. In the second, a man receiving long-term parenteral nutrition showed clinical, radiologic, and electrocardio-graphic evidence of cardiomyopathy, which was further supported by cardiac blood-pool scan and finally by autopsy findings. These features were associated with reduced concentrations of selenium and glutathione peroxidase, a selenium-dependent enzyme, in erythrocytes and heart. Epidemiologic data on Keshan disease, a serious, commonly fatal cardiomyopathy syndrome in Chinese children consuming foods with low selenium content, also suggest the importance of selenium in normal human nutrition.
There are very few studies relating selenium status to immunocompetence. Animals given diets deficient in selenium show impaired T dependent humoral responses. On the other hand, the addition of moderate amounts of selenium to the diet enhances spleen plaqueforming cell response and serum antibody titre. Both primary and secondary responses are stimulated. The immunosuppressive effect of methylmercury is partly overcome by simultaneous administration of selenium. The metal potentiates the protective effects of a killed Plasmodium berghei vaccine in mice. In many of these effects, selenium may be acting in concert with vitamin E.
Copper
Copper deficiency in laboratory animals impairs Iymphocyte response to mitogens and enhances susceptibility to infection with Salmonella typhimurium. The metal improves phagocytosis and oxidative metabolism of granulocytes. Human copper deficiency is extremely rare and there is no information on the immunity status of copper-deficient individuals.
Magnesium
Magnesium deficiency frequently complicates diarrhoeal disease, particularly in infants and children with protein-energy malnutrition. There are no data on the immunocompetence of human subjects manifesting magnesium deficiency. On the other hand, rats and other laboratory animals deprived of magnesium show significant changes in immune responses. Immunoglobulin levels are reduced and antibody response is generally decreased. Susceptibility to parasites is increased. Interestingly, chronic magnesium deficiency is associated with thymic hyperplasia. Leucocytosis involves all white cell types. Lymphoid hyperplasia may be followed by malignant transformation of leucocytes resulting in the development of spontaneous malignant Iymphomas and myelogenous leukaemia. The tumour cells can be easily transferred and transplanted to other magnesium-deficient rats. Careful immunological studies of patients with magnesium deficiency are clearly indicated.
Iodine
Halogens are of critical importance in the bactericidal capacity of polymorphonuclear leucocytes, particularly the myeloperoxidase system. In protein-energy malnutrition, both iodination and intracellular microbial killing are deficient. In iodine-deficient hypothyroid subjects, phagocyte dysfunction has been documented. This was reversed on administration of triiodothyronine and correction of the hypothyroid state. On the other hand, large doses of iodine depress antibody response, reduce phagocytosis, and impair mitogen stimulation response of lymphocytes.
Lead
The results of many studies in several animal species suggest that lead exerts adverse effects on the resistance of the body to infectious disease. Exposure to lead increases susceptibility to endotoxicosis, gram-negative bacterial disease, viruses, and parasites. These effects are possibly mediated through changes in the reticuloendothelial system. In addition, suppression of phagocytic activity of neutrophils, mitogen stimulation response of T cells, complement activity, and certain non-specific defences have been observed in leadtreated animals. Both primary and secondary antibody responses are decreased. Lead also interferes with complement receptors on B Iymphocytes. Although delayed type hypersensitivity is impaired by lead administration, mixed lymphocyte culture response is unchanged. The clearance of bacteria from lungs is impaired. In part as a result of these immunological alterations, lead-treated animals show an increased susceptibility to develop infections as well as viral and chemically induced tumours, It would be important to look at the immunocompetence of children chronically exposed to environmental lead.
Mercury
Both inorganic and organic mercury increase susceptibility of laboratory animals to viruses. Primary antibody response is affected to a greater extent than secondary response. Mitogen stimulation of Iymphocytes is inhibited. However, there is little effect on phagocytic function or mixed lymphocyte reaction.
Cadmium
The effects of cadmium on the immune system are inconsistent and controversial. Part of the discrepancies between the results of various studies can be explained by differences in dose, length of exposure, species, type of microbial challenge, etc. In general, chronic administration of cadmium decreases antibody response and interferes with complement receptors on B Iymphocytes. Macrophage function is impaired. Data on T-cell responses are variable. Mitogen responses may be decreased, normal, or even enhanced, whereas cellmediated cytotoxicity in vitro is increased by exposure to cadmium.
Other Trace Elements
Arsenic increases susceptibility to infectious disease, possibly by inhibiting antibody production. Cellmediated immunity is generally preserved. Cobalt in large amounts also increases infection-related mortality. Silica depresses Tcell mitogen response and antibody production. The phagocytic and intracellular bactericidal capacity of phagocytes is decreased, possibly as a result of disruption of Iysosomes. Large doses of nickel and chromium also suppress immune responses. There are no data on the effects of chronic exposure to an environment heavily contaminated with these metals or accidental poisoning on the immunocompetence of man.
